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»*%-c, c : 0 . 01-0. 3%. Si : 0. 0 0 5 - 0. 6 %, M n : 0 . 1 ~ 3 
3 %, p : o . ooi~o. o 6 %, s : o . ooi-o. o l %, a l : o . o l - 

1 8%, N:0. 0 0 0 5-0. 0 1 mUF ei5£W»^»^?> 

[1**31 2 ] „ c n/ 

lfj|B-i#M3E^^-p§«^l«5i»«^\ 3Efc, Mo : 0. 0 5-0. 5%, 

V • 0 0 1-0. 1 %, T i : 0 . 01-0. 2%, Nb : 0. 0 0 5 - 0 . 0 5 %, 
C u • 1 . 0 %£IT, N i : 1 . 0 %&T, C r : 1 . 0 %&T, Ca:0. 0 0 0 3 - 
0 0 0 5 %, REM: 0. 0003-0. 0 0 5 %, B 1 0 . 0003-0. 002 % 

<D7*><Diuztzte2 mx±. z^-t %> 1 1 *mm. t 1- %> tmm 1 mm<vmm& «t w 

3 ] o n/ _ 

HK, A 1 0. 2 5-1. 8%0 

t&B-c, s i, Ai«ft%h av^?i5S5^ (ts) ^ib iy 

(0.0012X[TS -0.29-[Si])/1.45<A K1.5 -3 X [Si] • • • 1* 

[TS fflvMi] : «S«4>3l3B3£fttSSH» (MP a) , [Si] : S i «*%, A 1 : A 1 K* 

% 

CIO. 01-0. 3 %, S i : 0 . 0 0 5 - 0 . 6 %, M n : 0 . 1-3 

3 %, p : o . ooi-o. 06%, s : o . o o i - o . o l %, a l : o . o l - 

i. 8%, n:o. ooo5-o. o i %&^ru jssbf e^xxfyf^mmyfmm^h 

^^^5 7^IIMSL, lill&^oliilSCTAci -Acs +10 0°C^)ra 
gt^jj[]«fc U 3 0 #- 3 0 frQkWfe, 1 °C/ s J2JL_htf>#±P&J8T? 4 5 0 - 6 0 0 t<7)SI 

-C-7;v-r>-9-^ MEM£lT^iiSS^b^ 2 0 0 1C&± 5 0 0"C£TFOifiJKK 

i 5 fi-»«FL3t», 5 °c/ s »±ort*PM-c i o o t^Tl -e^iPi-s - 1 K x. 19 
7x7^ >tft^t5%a±6 0%aTOiSLW>t'f h 

[Iff*^ 5 ] 

s, jb^^s, #j3t&m^a<^MtL^ 1 mt tz \t 2 ttJ^±®fM*it ^ £ £#m 1 -t 



ttrfB^MM«&i6o^^S5iJ^liW, IK, Mo : 0. 0 5-0. 5%, 

V • 0 . 0 1-0. 1 %, T i : 0 . 01-0. 2 %, N b : 0 . 0 0 5 - 0. 0 5 %, 
C u : 1 . 0 %mT, N i : 1 . 0 %&T, C r I 1 . 0 %J^T, C a I 0 . 0003- 
0 0 0 5 %, REM : 0 . 0003-0. 0 0 5 %, B : 0 . 0003-0. 002 % 

<d 7 % (o i m t tz it 2 & &m-r & - 1 * mw. t -r & %%im 4 - 6 o^j- ib 

8 ] 
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IC, lfrlEv#»i&i6o §«#WaiflE«!«^ A 1 0 . 2 5-1. 8 %<7> 

«£ffi-c, S i, Al©Si%i:, ffiv^5l5S^ (TS) d*TIB 1 - £ 

(0.0012X[TS fflWt] -0.29-[Si])/1.45<A K1.5 -3 X [Si] • • • IS 
[TS mv>«] : «oB!^itfti£f-Mi (MP a) , [Si] : S i Kfi%, A l : AlSf 

% 

[It*:® 9 ] 

frtB^3£^e)*MlE»«>oiljn*»XeoiBI^, Ni, Fe, Co, Sn, Cu»9^ 
iaSfel4 2a^lL±<^^ , V*o#Sr«I«>T-mSfe «J 0. 01~2. Og/m 2 It-^ 

[If 1 o ] 
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[0 0 0 1 ] 

[ffgf] 
10 0 0 2 ] 

m t ft o . 4t k , *># tw&r-r * o uitc^i, tat t # wM^^m ^ 

[0 0 0 3 ] 

L/^U »TR I Piti 1 S i fc&K^ ftoS#*&-i:ffl 

zotztb. Si SM£ 1 ft t Lfe#illlE»A o § 1 ttT 

*ttS*fcV*_fcte, TS^9 8 0MPa©TRI PiM-C^N? «v>P£#U£;tl ft & fc* 

[0 0 0 4] 

A _ TJ y ^flni***? jbtLSffls^-t^ft < ft < . Ltf^ois 

[0 0 0 5] 

[#WP^Cm 1] #K 2000-345288 
[#I«C« 2] #12 0 0 3 - 2 3 9 0 4 0 

vskm Tbm&t t-rz mm] 

[0 0 0 6] 

mm * mvtt & *> 

[0 0 0 7] 

, -fft:b*>> SiMl A 1 *^5£*fc-t*ifc-e»»lE»*o^O?lP#tt*l«a± 
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[0 0 0 8] 

( 1 ) C : 0 . 0 1-0. 3 %, Si :0. 0 0 5 -0. 6 %, M n : 0 . 1 

- 3 3 %, p : o . ooi-o. 06%, s : o . o o l - o . oi%> ai : o. o 

1-1 8 % , N '. 0 . 0 0 0 5 - 0. 0 1 %£^U »«5F e j3£^RT^^^^ 

°(2) ttriavtMMi&^o «fi%TN Ei^ MolO. 05-0. 5 

%, V ' 0 . 0 1-0. 1 %, T i : 0 . 01-0. 2%, Nb : 0. 0 0 5 - 0. 0 5 

%, c u : i . o %£1T\ n i : i . o %mr> c r : i . o %mr, C a : 0 . 0 0 0 

3-0 005 %, REM: 0. 0003-0. 005 %, BIO. 0003-0. 00 

(3) Kna»i!iiE»*e>o§tt-fr*iaiJKfli«^ a i tsi%t\ o. 25-1. 8 
%<r)f£Bt% s i, aiw^ u^^mmm (ts) ^Tiei^i^t^-i 

(1) 4^t± (2) |B«o^tt*5J;o f ^:teiftt^'ffitL^Mffif&^o§« 

(0.0012X[TS fflvHt] -0.29-[Si])/1.45<A K1.5 -3 X [Si] • • • 1 * 

[ts fflv^] : mu^mmmmm (mp a) > [si] : s i «*%, ai :ahi 

% 

( 4 ) g*%-C, CIO. 01-0. 3%, Si : 0. 005-0. 6 %, M n : 0 . 1 

- 3 . 3 %, p : o . ooi~o. 06%, s : o . o o 1 - o . o 1 %, a 1 : o . o 

1 - 1 . 8 %, N : 0 . 0 0 0 5 - 0. 0 1 % £#?Pr U 5MB F e is J: O^lTft^WLW 
^^^^^7^111^11, «FlklE»i6o§Jin*ftXeCTA ci -Acs + 1 0 0 °C 
Ojaft^M U 3 0 #- 3 0 5H£#?£. 1 °C/ s jy>±<7)^*PM-e 450-600 
iftflEKJfrSJU ^v»?ifl5ffl!jETi(fill(ift*o SiKI*itL, 1 s £l±Oit*P 

S^jVfVt-f f«aTOfi«i«L/ct> 2 0 0rm±5 0 Ot^TOS 
Kl- 1 f>~ 5 tH^Ltc^, 5 X,/ s JSUKTC^iP&KT 1 1 0 0 °CJ^T^ T^*Pi"S - £ 

(5) HtrfB^I^«&i6o#^51^^, (4) fBttO$; 
(7) tuIBv#aMi&^o gtS^aUK*!*^, «*%T\ Ii:,Mo:0. 05-0. 5 

%. v : o . oi~o. i %, t i : o . o 1 - o . 2 %, n b : o . 005-0. 05 
%, c u : 1 . 0 %&T\ n i : 1 . 0 %J21T, c r : 1 . 0 %mr, C a : 0 . 0 0 0 

3-0. 005 %, REM: 0. 0003-0. 005 %, B : 0 . 0003-0. 00 
2%0?*>0 1«£^Ji2«M±£#*i"&- ^^il"* (4) ~ (6) OMtL^cD 

"(8) It, frlBv#SIMi&*o§«^^KilW\ A 1 0. 2 5-1. 8 

%<Dmm^\ S i, A10»%^ mv*<&9l3R3ftft (TS) **TflB 155 
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*mwLt~t% (4) ~ (7) (Dm^frw%mm.<Dmm& zv^m^^m^tzmmM 

(0.0012X[TS mv>«] -0.29-[Si])/1.45<A K1.5 -3 X [Si] • • • 1 5* 
[TS ©Wit] : *«<z>3l3R3ftfl£W:tMi[ (MP a) , [Si] : S i KS%, A l : A l 
% 

o) mmnm^hmm^^^^Mmnmom^ ni, Fe, co, sn, cu©^ 

*>^lffiS^i±2fim±^-7°V^o§*il^>T-M^^ ! 9 0. 01-2. 0 g/m 2 lt_- 

h*mkt-?%> (4) ~ (8) <DWKfr<Dm^mm<vj&j&'&&£Vftmfm-mtiKm^ 
do) iufB7 o v^o ^<Dmi'«^m^a*Mi-- tzs&mt-rz (9) 

[0 0 0 9] 

[0 0 10] 
[0011] 

CO|&HW:0. 0 1-0. 3%, 0£L<fiO. 0 3~0. 15%T*i 0 
[0012] 

S i f±, SliJKt^tt^ii^-t^^^^^P^tL^x*^*)^^ 0. 6%^@x.*« 
IC i «J v#Ifcffif&£>o §tt**^b-T*o Z<DteX>. S i OfSBi* 0. 005-0. 6 % i: L 

, h iw#i!im»* mffi-r £ ^ t± o . 1 % j^t^ ii^ 0 

[0013] 

v>„ iWfcft, MnOilliO. 1-3. 3%tLfc 0 
10 0 14 3 

±|RHI±0. 0 6%fc Lfco POTWttffli^* hTy^*Eia-t-*^:*0. 0 

0 1 % fc Lfco 
[0 0 15] 

S fc. Sit, MnSt fejfti" Sit 4r ^fc 5 * S 5B*"C* 0 , 11 + 

tc^L*v^*»»4Lv^5n»-e*&3ii:ae)±ia*0. 0 1%fcU#, TliUiftil^ ^ * 
hTy^^lit^^feO. 0 0 1%tUo 
[0 0 16] 

ftffii-*o ^oT, ffite|£a_tO«&*fcA 1I±0. 0 1 %&±##3*&&K****5fi^ 

^ttfrlfifFS***:*. *-o_tl£ 1 . 8 % £ Lfc 0 «|«£3ilJKS:fllfiii"*»^*»fe 0 . 2 5 
%JSJL±1. 8 %JslTO«tln**ff* Lv> 0 
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«C0^ft"b1\ A 1 Ntffll^#< 4otA l«JnO«l***^$*&O-C0. 0 1% 

&<D-Z\ 0 . 0 0 0 5 £ 
[0018] 

ftU#iCAl^W^i^^ #(*0. 25%s£Al^l. 8%©»#^ A 
1, S i tTSA?V^W l^<75tEH^i"^-^"^+^^ 7 ^ 7 ^ >£?t^H"*^ 

(0.0012X[TS |i.V>« -0.29-[Si])/1.45<A K1.5 -3 X [Si] • ■ • 1 * 
TztzL, lElst-C, [TS mv^] tt««<Z>3l«3&JK«£fHt (MP a) , [Si]t±S il 
4%, AniAlSi%^MtU«t^o 
[0 0 19] 

HP, ^n^-ctiJilB^^finx.^ IP, Mo : o. o 5-0. 5%. v : o. o 1- 

0 1 % T i • 0 . 0 1~0. 2 %, N b : 0 . 0 0 5 -0. 05%, Cu! 1 %&>T 
, N i : 1 %&T, C r : 1 %mT> CalO. 0003-0. 0 0 5%, REM'.O. 
0003-0. 0 0 5 %, B: 0. 0003-0. 0 0 2 %<OHWll^B2t£l± 

M o (if «K^?^JK t MXtim^m*$> <9 > 0 . 0 5 %*p-C liMoM <7>J£A*L<|£ 
^^^jft-if, f^^v^r^t^ b^M$iifM s ^t^o 0. 5 

[0 0 2 1 ] 

v Ti, Nb lisajKi&Uio g v : 0 . 01-0. 1%> Ti :o. 01-0. 
2% Nb • 0. 0 0 5-0. 0 5 %<a*EH-?rai1-& So Cr ' Nl 

C a , R EMIi^ftWi £ JttlfttiSfcif ^-^^ ^-tL^tLC a : 0 . 0 0 

03-0 005 %, rem: o. ooo3-o. o o 5 %<omm"?mair 

&o hp, BimtitttBNifaicutiA i zmmz^zm&frbB : o. ooo 

3 - o . 002 %$sin-f s - fc £ * o 

[ 0 0 2 2 ] 

^^-7-^-7^-7^7^ b^Jii-o ft&, ^f^^PP* ^ -WS^^f-W 

l t t> mt> ft v^o 4 * . * - * x -tm > * 1 2 muJimk^mfrmm^mt-r 

[0 0 2 3] 

MP, #|&iJ3fc*5V>TI±, o I IS^SIKIS^Mti i:isv^f 7cO# 

m± «*PTO^5%J£Ui6 0%£JLTO*fe^U^^7->"^ y f > - ^ * ° 

h^;vr->^-^ Hl^arwW, 2 0 0 - 5 0 Ot^MMP^iK^^i 

ilfllBI^SSl^i < ft S9M^Tyti£tf^^l^±^^tLT. — 6 0%®7?«ii« 
3£K«T Lit ¥ * LvjVf 7t^f h W W f± 5 % J2U: 6 0 % &TY tL?z 0 JE 

r Sft-^ft'f h*5%J3lTtLt 31tL«^ 2 ^nlBt^b <7) P8«tf*£ t ft ^ J: -9 
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[0 0 2 4] 

I- £ & v#i$Mi& #> o § 5K KSH« f± ±ife L M J&^M 4: # tf * 7 "7* £ ®t 

iitc-cAci -Acs + 1 o o°co^iE0-?i&M$ti&o z.(o&&, nammwA 
ci ^fcD^-e^W^W-^^ 1 ?- Acs +i oo"cm^SS-eii 

{±±RBO^JSti9 0 OtWaiLv^o ttz, ±%Z&mzi3i l f2>UW9$mtmVz®M* 
fUSli" * *> 3 0 TO_t 3 0 ^KT^l IL^„ 3 0 o4fc*#B# B tiKTIB*** 1 ^ 
U 4l«Tt^o :o J: ? IcL-CSfeWS^ai^tt^-e^aJ^tLS^ 
Cittlt lTC/sJSLJi. jfiL<U2 0°C/s J^±(D?t*PM^4 50-600 °CZ 

t?^±p$*LSo ^fifiEd* 6 o orm-eteilWM-^x^ h«U<wi* 

0 %mw.teML~cM.mi) s i&< & oaf, ^o^icti 

±P^i± 1 °C/ s J&JLh, Sft L<i±2 0t/sa±t«o 
[0 0 2 5] 

icoiMatlM^l^tL, ?££P2*u£SW£i±, #»1E»*^ 3 0 0 - 

5 o ox:<omM"0 6 o#~2 owt4a«i*ifibtiiL$x4v>o ^®b# 

[0 0 2 6 ] 

fc&JlS*i"Cv>S < , 1?!)xJi\ 4 4 0~5 0 0TCiv^*tt#aWPi4o £fc 

, Ltii, M#&**^-C*tL{^Rr««H-P b, C d, N i , F e, A 1 , T 

1 Nb, MnfmitJ;v> 0 £Jf<7>n n n JC^£ft-££« tubK&v £M 
im g , T i , M n , F e , Ni, Co, A 1 LTV^T Uv^ 0 4 fc, 
Mfcolii LT(i««n-MS^«5 3 0- 2 0 0 g/m 2 fc i t omftKM 

ttt4 7 0~6 0 0 o Cfct^»it -e^-#4bv«MI&J6 olifl^Fe aUK^SLIEft $ tU 
F e tf s m ass %"C 7-15 %CiD"Ci4o 
[0 0 2 7] 

^HMsli, Ms (°C) = 561- 471XC(%)-33XMn(%)-17XNi(%) -17XCr(%) 
-21XMo(%) "C^* fetLS**, Ms (°C) Wtl^^f^tO^lSL^V^ 
tu IB^iP & if %> %r&M& it 1 *C/ s JBJL±**» £ L v> 0 It £ v ;v t > V 4 V « £ # * 
fc&Kli 3 °C/ s J^±0^*PiSKWl£ Lv> 0 
[0 0 2 8] 

£ <t? «t a ^^M^fitimmt, 200 °cm_t 500 "cmT^zajs-e 1 #- 5 3^ 

jKic^v>T, 2 0 o°c*P^^-e{i^MU^ifeT> < * *) 

^te^orS]±^fS*6 & tt-r, 5 0 0 "CjgTti^ t $ ft«£T5&K**flrF-*-*o 
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5 *C/ s J£1_L. ffiUlil5 X,/ s ja±0^jSJK-C^$tLAo 

[0 0 2 9] 

o § i£v> t±-fr^b»ik3E»* o ^ fll^^S * n * - h #k3. M£ 
[0 0 3 0] 

HK. o lillIi«Flt\ Ni, Fe, Co, S 

n C u<Dd %<D \mtfz\±2mV±±-*mWL}\mmtz 1) 0. 01-2. Og/m 2 ,^ 
L<(40. 1~1. Og/m 2 «7>*o^Itu^*ILv^7'Vfeol«li 

fittO. 0 1 g/m 2 *PTii*o#^J:^^*14l^±60^^#^^T\ 2. Og/ 
m 2 ^ tfrhMWLftmmtz *) 0. 01~2. Og/m 2 fc Lfc c * 

is ±|B 7° V * o § tu t gftife&a ^iLTUv^o - 0>&i5fe #LS-e§I«ffi * ft L , 

If, 2-20 %(7)m«iftJKt:\ 2 0 - 9 0 tOM-C^t^*#^li"^ £ * ° * 

BMSti' 1-20 W£ Lv> 0 

[0 0 3 1 ] 

[«W 1 1 
[0 0 3 2] 

mi K^L?zmfrmj&*mir&M*m^M-)F!<zxmm • m&xyfc**??* 1200 

ttttifiV 5 a. V- *? - Srfflvs 8 0 0 t(?)fiS(:Mf, -twaMElc 1 0 0 # 
jgttttttSrffv^ 31 £^E§ 5°C/st-6 5 0 ti"e^m 4 6 0 

( 1 ) jfctfctffl : i o °c/ s ctfiSJ -e<^*Po 

(2) *§&wm : 10t/st:"Cv;Vf^ hSEJSjSCJSLT^-C^^ 3 0 0 
e C<DUm^ 6 0#0»^^rv^ 2 0°C/s <^<%*P3iK-C 1 0 0 WXTtTftMo 

[0 0 3 3 ] 
-f-<D|§^^^2, ^3 tCTTcLfco 
[0 0 3 4] 

&*s, ^2. *3^*v^T^3iaaftBE (ts) . ftmfm, titi> fe^^ttt 

• 3IM3i£3£ : J I S 5^-3l3Rtt«W-<oL^lRl3l»twt:fFffllibfeo 

• fti£*fs|s : B^$cilMfi*&> JFS T1001-1996 ^l«fe^»Mo 
10mm^^t§^ (^fiilO. 3mm, ^'J77>X12. 5%) i^6 0 

° oRSt^V^^^^^^^^^^^^W^^^^"^^ 2 0mm/mi n "Cff Li£&f 

"^"•2)0 

[0 0 3 5] 
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ftmfm : A (96) = I (D-Do ) /Do } X 1 0 0 
Do : (mm) 

• : ytmwmm-evmm, & x * ? ^ « ^ ^ * - ;v ^ * ^ v ^ v ;v x y 

[0 0 3 6] ^ / 

^^^mi'-C^^-*. *<D%t, &M<DlB.m* 1 0 0 OfifCtl 0 O^mX 
1 0 0 ^ m<7)fM^;V--lf ^^^et'«t «M£L"CteL-7jVr^t 

• J6 o § flp* 14 : 6 0° V ft tf8ttfc-C ffl If ft |5 <D £> o § PJ 5> M o 
[0 0 3 7] 

© : *o §f!J^h (fflWUPi 3 mm*§!) 
O : Hffl±^L3tx.«:V^5gJKoe«*«l* 

(fOfllffi 3 mm£JUt 7 mmli) 

(fHlfEffi 7 mmm± 1 0 mm*if) 
X : fMttf** Lv* & O (IHIfKffi 1 0 mm&l) 

© : ^<s6o i^A <^j— *MR 

O : Wo < ^fJ:iL$x.^V^IS(7)W 7 

• :TS^540MPa. TSXEU18, 000 

yti£&f^ :TS< 9 8 0MPa • • • 50 % J6LL * ^te 
TS^9 8 0MPa • • -40 %JsLh 

[0 0 3 8] 
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